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Chromium contaminates ground water and sediments at many DOE
sites (reactor operations, irradiated fuel production, fuel recovery)

Also used in wood preservation (CCA) and industrial applications

D Reactor Building, Hanford



Microbial Cr(VI) reduction:

Several microbes known to readily reduce Cr(VI) to Cr(I1I)
Rhodobacter sphaeroides (Moore and Kaplan, 1992)
Pseudomonas ambigua (Susuki et al., 1992)
Pseudomonas putida (Park et al., 2000)

Geobacter metallireducens (Lovley et al., 1993)
Shewanella oneidensis (Viamajala et al., 2002)
Desulfovibrio vulgaris (Clark et al., 2008)

Several enzymes shown to have Cr(VI) reductase activity
FADH,-dependent metal reductase
nitroreductase
c-type cytochrome
hydrogenase

Field trials using lactate stimulated bioreduction of Cr(VI)



BUT:

Chromium can be inhibitory to growth and activity

Cr(VI) reduction can be inhibited by co-contaminants

NO, Nitric acid and nitrate salts in nuclear fuel processing and
fabrication has resulted in nitrate being the most commonly
reported anion

Nitrate reduction to ammonia generates more energy than
chromate reduction

So0: Need to understand dynamics of Cr(VI) reduction under
nitrate reducing conditions



Nitrate Enhanced Chromium Reduction

The central hypothesis of this project is that the presence of nitrate can
impact the biotransformation of Cr(VI) in three ways:

1) as a competitive alternative electron acceptor inhibiting transformation
Geobacter metallireducens

2) as a co-metabolite resulting in concomitant reduction, stimulating
transformation
Sulfurospirillum barnesii

3) as an inducer of specific proteins and pathways involved in
oxidation/reduction reactions stimulating transformation
Desulfovibrio desulfuricans strain 27774



Nitrate Enhanced Chromium Reduction

All three organisms reduce nitrate to ammonia in a two step process
involving nitrate reductase and nitrite reductase.

G. metallireducens possesses a unique Nar-type nitrate reductase
(NarCGHIJI).

S. barnesii and D. desulfuricans have a periplasmic nitrate reductase
(NapAGHBFLD, NapCMADGH).

All three have a pentaheme cytochrome ¢ nitrite reductase (Nrf).
Preliminary studies have shown Nrf from G. metallireducens and S.
barnesii can be oxidized by chromate. Our hypothesis 1s that Nrf can
function as a chromate reductase and 1s the link between nitrate and
chromium reduction.



Not all nitrate reductases are alike: Size (MW) and surface charge of
NapA of D. desulfuricans and S. barnesii are significantly different

: Haemophilus influenzae
Pasteurella multocida p : /1 . ;
e : Actinobacillus actinomycetemcomitans
Escherichia coli

Salmonella typhimurium Ralstonia eutropha

7 Yersinia pestis Paracoccus pantatrophus
Magnetospirillum magnetotacticum _ ,
Agrobacterium tumefaciens o, [3 )Y

Sulfurospirillum barnesii

Sulfurospirillum deleyianum Pseudomonas sp.G-179
Sulfurospirillum arsenophilum Rhodobacter sphaeroides
Arcobacter butzleri Azospirillum brasilense

Wolinella succinogenes Pseudomonas aeuroginosa

Campylobacter lari Shewanella oneidensis

o Campylobacter coli Vibrio cholera

Campylobacter jejuni (2)
Campylobacter upsaliensis
Helicobacter hepaticus

102 kDa ___ 005 changes S D. desulfuricans

Desulfovibrio desulfuricans

70 kDa
S. barnesii




Nitrate Enhanced Chromium Reduction

Specific aim 1. To investigate the affects of chromate on nitrate respiration in G.
metallireducens, S. barnesii, and D. desulfuricans. Preliminary experiments demonstrated
that chromate affects growth with nitrate differently in each of the three organisms. The
effect of Cr(VI) concentration on the kinetics of both growth and reduction of nitrate,
nitrite, and Cr(VI) in these three organisms is to be determined.

Specific aim 2. To develop a profile of bacterial enzymes involved in nitrate
transformation (e.g., oxidoreductases) using a proteomic approach. The proteome of the
three species grown under different growth conditions will be compared to identify
proteins involved in nitrate and chromate metabolism. It is possible that several proteins
are upregulated/downregulated under these conditions.

Specific aim 3. To investigate the function of periplasmic nitrite reductase (Nrf) as a
chromate reductase. Nrf from G. metallireducens, S. barnesii, and D. desulfuricans will
be purified and the kinetics (K, Vmax, Kcat) of chromate reduction and other biochemical
characteristics determined.

Specific aim 4. To develop a strategy to maximize microbial chromium reduction in the
presence of nitrate. The results from specific aims 1-3 will provide insight into possible
amendments and manipulations for enhanced in situ remediation. This will be
accomplished using both pure culture and natural populations (sediment slurries).




Nitrate Enhanced Chromium Reduction
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Nitrate Enhanced Chromium Reduction
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Nitrate Enhanced Chromium Reduction

Cr(VI) reduced first, then growth.
Lag phase can be reduced by reinoculum

Initial “die off™ also seen in D. vulgaris
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Proteomics Investigation:

Cells were harvested during log phase and stationary phase, lysed

by French Pressure cell and 2-D gel electrophoresis run on the
ETTAN system from GE.

The gels were stained with colloidal coomassie blue or silver.
Protein spots of interested were removed from the gels, subject to
trypsin digest, and cleaned up using “zip-tips”.

MALDI-TOF was run on an ABI Voyager DE-STR, and the data
analyzed with MASCOT (Matrix Science) using a mass tolerance of
+/- 0.1

LC-MS-MS was run on a ProteomeX (LC) ThermoFinnigan LCQ
Deca XP (MS/MS)



Genome Enabled Proteomics:
Alkaliphilus oremlandii strain OhILAS
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Over 200 proteins identified using MALDI-TOF MS



Genome Enabled Proteomics: Alkalilimnicola ehrlichii

116 kDa Green - anaerobic
1. Nitrous oxide reductase
i 10. Nitrate transporter
Decreasing 16. Fructose bisphosphate
Molecular aldolase
Wei ght 18. Triosphosphate isomerase
21. Phosphoribulose kinase
Red - aerobic
4. TonB dependent Cu receptor
23. Oxoglutarate dehydrogenase
24. Superoxide dismutase
14 kDa —

pl 3



S. barnesii proteome: Nitrate vs Nitrate + Cr(VI)
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" D. desulfuricans proteome: Nitrate vs Nitrate + Cr(VI)
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S. barnesii periplasmic nitrite reductase (Nrf)

Protein matches from LC-MS-MS analysis.

MW (kDa)

Reference Scan Peptide P (pro)  [Score]MW
P(pep)

Putative cytochrome ¢ Putative cytochrome c nitrite reductase 4.19E-05 [20.20[20144.6

nitrite reductase [Sulfurospirillum barnesii]

[Sulfurospirillum barnesii]

642 R.ALVAAGLKPFEESTHQEK.R 4.19E-05 [3.95 [980.5

742 K.TAMVVTYPWANGIGK.E 2.93E-04 [3.33 [596.2

A Chain A, Cytochrome C |A Chain A, Cytochrome C Nitrite Reductase From 7.80E-07 [18.20[55252.2

Nitrite Reductase From [Wolinella Succinogenes

Wolinella Succinogenes

744 R.IIEQDGELEYFTGK.W 7.80E-07 H.04 [2019.5

1675 K.TAHSQGIEGKAMSEEWAR.Y 1.00E+00 [0.85 [88.6

Cytochrome c nitrite Cytochrome c nitrite reductase [Sulfurospirillum 3.93E-08 [22.18]57873.5

reductase [Sulfurospirillum |deleyianum]

deleyianum]

744 R.LIEEDGELEYFTGK.W 3.93E-08 [3.59 [1769.0

1199 K.LIRHGQFKADMAIAAHGNYFHAPEETLR.L 9.76E-01 [0.64 [113.5

1652 K. ILAKHGVMDYIAPDFDTK.D 4.17E-01 [1.08 264.0




Probability Baszed Mowse Score

13133, 17257

Voyager Spec #1[BP
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gi|169104652 Mass:

matched: 31
periplasmic nitrate reductase [Sulfurospirillum barnesii]

Nominal mass
Fixed modifications:
Variable modifications:
Cleavage by Trypsin:

(=55

105393

105393; Calculated pI value:
Carbamidomethyl
Oxidation
cuts C-term side of KR unless

Score:

84

(C)
(M)

Number of mass values searched: 134
Number of mass values matched: 31

Sequence Coverage:

34%

Matched peptides shown in Bold Red

3
51
101
il
201
251
301
351,
401
451
501
551
601
651
701
751
801
851
901

MSLSRRDFLK
GTGCGIMVAT
PLLRMNDKGE
GQYTIQEGYA
(EACID)IDHEIZARE DI
RCSDLADLEI
FANIGYGMRT
GDVMKMDKAD
KVKLQELANL
KPGDGAFSLT
PAGTLNPMGY
ELDNFIVCSD
LPVGDAMSDT
TDTMYDVLFA
GFFIQKSIWE
AKYDPYAAKA
PYMDPCEMPD
PEDAKAKGFK
MINKVCLDAT

TTAAASAAAA
KEGKIVAVKG
FDKKGQFKPV
AAKMMKAGER
ITTWGANMAE
IFSPSTDLAI
EAEAKKLGYS
AAGAHWEISF
YTEKNRKVVS
GQPSACGTAR
OHIMNXHROTI
AYPGISAKYVS
WOWVELSKRFE
TPFAKQFKAD
EYROFGLGHG
GNGDFAFYGD
REYDTWLCTG
QGDMIWLESR
CPISKQTDYK

VGIGVPAELK
DPAAPVNRGL
SWKRAFDEME
ANGIDPNARH
MHPILWSRVS
WNYIAREIVY
AKELEVIKKE
EDFKKALEPY
FWTMGEFNQHQ
EVGTFTHRLP
ESGKIKFAWV
DLILPSAMIY
TIKDVWGEQP
DATIGKGFDNS
HDLADFDTYH
FAKALKKGNL
RVLEHWHSGT
RGSCKARVET
KCAVKLYKA

Expect:

AAGEQAEANW
NCIKGYENAK
KHIKAALKVG
CMASAVAGEM
DRKLTSPDRV
NHPEAIDWDF
DAKVISEKEA
TLEYVAKISK
RGTWVNEQSY
XDMDVSIPKH
NVCNPYQDTA
EKWGSYGNAE
IKGGKLPNVI
EVFGDARKVM
KVRGLKWPVV
VKPTTEETYS
MTMRVPELYR
RGRNRTPRGL

0.024

8.77

next residue is P

KWDKAVCREC
IMYGADRLKQ
GPEAIGVFEGS
QTFGIDEPAG
KIVNLSTYTH
VKKNTIFTTG
PGLAHLGVEKA
GNPDEKLEDF
MVHFLLGKQA
REVSEKIWKL
NANHWIKAAR
RRTQHWRQOQV
EAAKAMGYKE
GSDGKEWTGY
DGKETQWREN
LKNKAKIFFR
AVPEALCYMH
VEVPWFDEKV

Queries



PROGRESS TO DATE
Specific Aim 1

1. G. metallireducens 1s inhibited by Cr(VI) when using nitrate as
the terminal electron acceptor.

2. D. desulfuricans reduces the Cr(VI) before growing on nitrate.

3. §. barnesii could simultaneously reduce Cr(VI) and nitrate.

Specific Aim 2

1. Proteomics analysis revealed differences in the proteomes of
both S. barnesii and D. desulfuricans when exposed to Cr(VI).

2. Protein identification by MALDI-TOF, however, was limited
by the lack of genome sequence data.

Specific Aim 3

1. Progress has been made on the purification proteins involved
in nitrate respiration in S. barnesii



FUTURE DIRECTIONS (Year 2)

Initiate proteomic analyses of nitrate grown G. metallireducens in
the presence and absence of chromate

Attempt to 1dentify key proteins from S. barnesii and D.
desulfuricans using LC-MS/MS

Characterize purified Nrf from S. barnesii
Purify and characterize Nrf from D. desulfuricans strain 27774.
Await release of annotated genome of D. desulfuricans strain 27774

Propose sequencing the genome of S. barnesii.



Basu/Stolz lab

Peter Chovanec
Courtney Sparacino

BER DOE grant DE-FG02-07ER643°/2





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


